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[57] ABSTRACT

In a Schottky barrier diode, concentration of an electrical
ficld at an edge of an insulation layer is suppressed to
improve the reverse breakdown voltage. An n— layer of a
compound semiconductor substrate having an n+ layer and
the n— layer is configured in the form of a mesa. An
insulation layer is formed on at least a skirt portion and a
slant portion of the mesa. An anode is formed on the
insulation layer and n— layer, and a cathode is formed on the
n+ layer. Thus, concentration of an electrical field at an edge
of the insulation layer is canceled at least in part by an
electrical field generated at the anode on the slant portion to
improve the reverse breakdown voltage.

11 Claims, 2 Drawing Sheets
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SCHOTTKY BARRIER DIODE HAVING A
| MESA STRUCTURE

This is a Continuation of Application Ser. No. 08/5535,
393 filed on Nov. 9, 1995, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Inventinil

The present invention relates to a Schottky barrier diode
wherein the reverse breakdown voltage is improved by
forming the compound semiconductor substrate in the form
of a mesa, so that a fringe component of an electrical field
that concentrates at an edge of an insulation layer is can-
celled by an electrical field of an anode formed at a slant
portion of the mesa.

2. Description of the Background Art

As shown in FIG. §, conventional Schottky diodes have a
structure wherein a cathode 12 is formed on an n+ layer 11a
of a GaAs substrate and an anode 13 is formed on an n—
layer 115 of the GaAs substrate. However, when a reverse
bias voltage is applied to a Schottky barrier diode having
such a conventional structure, a fringe effect of an electrical
field causes concentration of an electrical field at an edge 14
of the anode 13. As a result, breakdown can occur at a low
reverse bias voltage. In order to suppress such concentration
of an electrical field, according to an improvement in the
prior art shown in FIG. 6, an insulation layer 15 such as a
nitride film is interposed between the n— layer 115 and the
anode 13 at a peripheral portion of the GaAs substrate, to
improve the reverse breakdown voltage.

Although the conventional improved Schottky barrier
diode shown in FIG. 6 has a reverse breakdown voltage that
is somewhat better than that of the conventional Schottky
barrier diode shown in FIG. 5, the reverse breakdown
voltage is still insufficient because a fringe component of the
concentrated electrical field still cannot be sufficiently sup-
pressed at an edge 16 of the insulation layer 15.

It is therefore an object of the present invention to provide
a Schottky barrier diode wherein concentration of an elec-
trical field at an edge of the insulation layer is suppressed so
as to improve the reverse breakdown voltage.

- SUMMARY OF THE INVENTION

Embodiments of the present invention solve the above-
described problem by providing a Schottky barrier diode
including a compound semiconductor substrate constituted
by an n+ layer and an n— layer which is configured in the
form of a mesa, an insulation layer formed on at least a skirt
portion and a slant portion of the mesa, an anode formed on
the n— layer and the insulation layer, and a cathode formed
on the n+ layer, in which concentration of an electrical field
at an edge of the insulation layer is canceled by an electrical
field generated by the anode at the slant portion, thereby
improving the reverse breakdown voltage.

According to a feature of the present invention, an n—
layer of a compound semiconductor substrate is configured
i the form of a mesa; an insulation layer is formed on at
least a skirt portion and a slant portion of the mesa; and an
anode is formed on the insulation layer and the n— layer. As
a result, an electrical field that concentrates at an edge of the
insulation layer is canceled by an electrical field generated
by the anode on the slant portion, so as to improve the:
reverse breakdown voltage.

Other features and advantages of the present invention
will become apparent from the following description of
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embodiments of the invention which refers to the accom-
panying drawings.

" BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a configuration of a first embodiment of the
present invention.

FIG. 2 is an enlargement of a portion of FIG. 1, showing

a mechanism for suppressing concentration of an electrical
field.

FIG. 3 shows a configuration of a second embodiment of
the present invention.

FIG. 4 shows a configuration of a third embodiment of the
present invention.

FIG. § shows a conventional configuration.
FIG. 6 shows another conventional configuration.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Preferred embodiments of the present invention will now
be described with reference to the accompanying drawings.

FIG. 1 shows a first embodiment of the present invention.
In FIG. 1, reference numeral 1 designates an n+ layer of a
GaAs substrate, and reference numeral 2 designates an n—

- layer of the GaAs substrate. The n— layer 2 of the GaAs
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substrate is configured in the form of a mesa so as to have
a top portion, a side face referred to as a slant portion 2b, and
a lower portion referred to as a skirt portion 2a. An insula-
tion layer 3 such as a nitride film is formed on the skirt
portion 2¢, the slant portion 25, and a top peripheral portion
2¢ of the mesa. The slant portion 26 is formed to have an
inclination 6 in the range of about 10 to 90 deg. An anode
4 is formed on the central portion of the top of the n— layer
2 (radially within the top peripheral portion 2¢) and on the
insulation layer 3. Further, a cathode 5 is formed on the
underside of the n+ layer 1 of the GaAs substrate.

A method of manufacturing a device having the above
configuration will now be described. Wet etching is per-
formed to form the n— layer 2 of the GaAs substrate in the
form of a mesa. Thereafter, an insulation layer 3 such as a
nitride film is formed on the mesa-shaped n~ layer 2 of the
(GaAs substrate, and the insulation layer 3 is removed at the
center of the n— layer 2 of the GaAs substrate by means of
wet etching to provide an opening. Then, the anode 4 and
cathode § are formed using vapor deposition. -

A description will now be made with reference to FIG. 2
of a mechanism for suppressing a fringe component of an
electrical field that concentrates at an edge a of the insulation
layer 3 in the present embodiment. When a reverse bias
voltage 1s applied, the direction of the electrical field at the
edge a of the insulation layer 3 becomes perpendicular to the
anode 4 as indicated by a vector A. The electrical field
indicated by the vector A is divided into a vertical compo-
nent Al and a horizontal component A2. The horizontal
component A2 is a fringe component of the electrical field
that concentrates at the edge a. On the other hand, the
direction of an electrical field at a slant point b of the anode
4 is perpendicular to the anode 4 as indicated by a vector B.
The electrical field indicated by the vector B is divided into
a vertical component B1 and a horizontal component B2.
Thus, the directions of the horizontal component (fringe
component) A2 of the electrical field at the edge a and the
horizontal component B2 of the electrical field at the slant
point b are opposite to each other. Therefore, the horizontal
component (fringe component) A2 of the electrical field at
the edge a is canceled and suppressed by the electrical field
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generated at the slant point b of the mesa. This improves the
reverse breakdown voltage at the edge a.

A second embodiment of the present invention will now

be described with reference to FIG. 3. The shape of the mesa
in the present embodiment is substantially the same as that
in the first embodiment shown in FIG. 1. Therefore, parts

identical to those in the first embodiment are indicated by the
same reference numerals as in the first embodiment. The
present embodiment is different from the first embodiment
primarily in the shape of an insulation layer 3a. The insu-
lation layer 3a may be formed by changing the etching time
of the insulation layer as described with reference to the first
embodiment. In particular, the insulation layer 3a covers the
slant portion 2b perfectly, so that the top of the mesa and the
edge of the insulation layer 3a form a fiat surface. Such a flat
structure may be formed by removing the insulation layer on
the top of the mesa by means of RIE (reactive ion etching)
using a resist pattern such as spin on glass (5OG). In the
present embodiment, the insulation layer 3a is formed on the
slant portion 2b and skirt portion 2a of the mesa, and an
anode 4a is formed on the top of the mesa and the insulation
layer 3a.

According to the second embodiment, concentration of an
electrical field occurs at an edge a of the insulation layer 3
as in the first embodiment. An electrical field generated by
the anode 4a formed on the insulation layer 3a on the slant
portion 2& of the mesa acts on the electrical field that
concentrates at the edge a to suppress a fringe component in
the concentrated electrical field like the mechanism illus-
trated in FIG. 2. Thus, the reverse breakdown voltage is
improved.

A third embodiment of the present invention will now be
described with reference to FIG. 4. The shape of the mesa in
the present embodiment is substantially the same as that in
the first embodiment shown in FIG. 1. Therefore, parts
identical to those in the first embodiment are indicated by the
same reference numerals as in the first embodiment. This
third embodiment is different from the first embodiment
primarily in the shape of an insulation layer 35. The insu-
lation layer 3b is formed by changing the etching time of the
insulation layer as described with reference to the first
embodiment. In the present embodiment, the insulation layer
3b is formed on a lower part of the slant portion 25 and on
the skirt portion 2a of the mesa, and an anode 45 is formed
on the top of the mesa, an upper part of the slant portion 25,
and the insulation layer 35.

According to the third embodiment, concentration of an
electrical field occurs at an edge a of the insulation layer 3
as in the first embodiment. An electrical field generated by
the anode 46 formed directly on the upper part of the n-
layer 2 of the (GaAs substrate at the slant portion 2& of the
mesa acts on the electrical field that concentrates at the edge
a to suppress a fringe component in the concentrated elec-
trical field like the mechanism illustrated in FIG. 2. Thus, the

reverse breakdown voltage is improved.

A more specific embodiment will now be described. A
GaAs substrate has been chosen to satisfy the conditions as
shown below, and a reverse breakdown voltage has been
measured as shown below for each of the configurations of
the insulation layer and anode as illustrated in the drawings
of the preferred embodiments and the prior art. The mea-
surement obtained with the conventional configuration is
shown for reference. The reverse breakdown voltages are
values obtained at a leakage current of 0.5 mA.
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[Conditions for the GaAs Substrate]

Area of Anode 04 x 0.4 mm?*
Depth of Mesa (Height of Substrate 0.3-1.5 um

at the Slant Portion)

Thickness of GaAs Substrate 200 pm
Thickness of n- layer Q.7 um

Carrier Density of n- layer 2.26 x 10° em™

[Measured Reverse Breakdown Voltage]

Conventional Configuration 882V
shown in Fig. 6 |

First Embodiment Shown in FIG. 1 957V
Second Embodiment Shown m FIG. 3 1010V
Third Embodiment Shown in ¥IG. 4 1064V

The first embodiment shown in FIG. 1 provides a signifi-
cant effect when the width of the intersection X 1s 3 pm or
less. In other words, it is preferable for the insulation layer
2¢ to cover a portion of the top face of the mesa which is
located within 3 um or less from the edge of the top face.

According to the above embodiments of the present
invention, an n— layer of a compound semiconductor sub-

strate is configured in the form of a mesa; an insulation layer

is formed on at least a skirt portion and a slant portion of the
mesa; and an anode is formed on the insulation layer and n—
layer. As a result, an electrical field that concentrates at an
edge of the insulation layer is canceled by an electrical field
generated at the anode on the slant portion to improve the
reverse breakdown voltage.

The improved reverse breakdown voltage results in
improved reliability. If a reverse breakdown voltage at a
level available in the prior art 1s required, characteristics in
the forward direction can be improved by increasing the
carrier density of the n— layer or by reducing the thickness
of the n— layer.

The above-described effects make it possible to reduce the
area of the anode, which leads to a reduction in the size of
the chip. Such a reduction in chip size allows the number of
chips obtained from one sheet of wafter to be increased, and
this results in a cost reduction.

While specific illustrated embodiments have been shown
and described, it will be appreciated by those skilled in the
art that various modifications, changes and additions can be
made to the invention without departing from the spirit and
scope thereof as set forth in the following claims.

What is claimed is:

1. A Schottky barrier diode comprising:

a compound semiconductor substrate having an n+ layer
and an n— layer, the n—layer being provided on the n+
layer and the n— layer being configured in the form of
a mesa which has a skirt portion and a slant portion,
said mesa being formed only by said n— layer;

an insulation layer formed on at least the skirt portion and
the slant portion of the mesa;

an anode formed only on the insulation layer and the n—

layer; and |

a cathode formed on the n+ layer.

2. A Schottky barrier diode as claimed in claim 1, wherein
an electrical field that concentrates at an edge of the insu-
lation layer is canceled at least in part by an electrical field
generated at the anode on the slant portion to improve the
reverse breakdown voltage of the Schottky barrier diode.

3. A semiconductor device comprising:

a semiconductor substrate having an active layer which is
configured in the form of a mesa which has a skirt
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portion and a siant portion, said mesa being formed
only by said active layer; |

an insulation layer formed on at least the skirt portion and
the slant portion of the mesa; -

an anode formed only on the insulation layer and the
active layer; and | B

a cathode formed on the substrate opposite the anode.

4. A semiconductor device as claimed in claim 3, wherein
said semiconductor device is a Schottky barrier diode, said
active layer being an n— layer, said substrate being a
compound substrate having said n— layer and an n+ layer,
and said cathode being formed on said n+ layer.

. A semiconductor device as claimed in claim 4, wherein
an electrical field that concentrates at an edge of the insu-
lation layer is canceled at least in part by an electrical field
generated at the anode on the slant portion to improve the
reverse breakdown voltage of the semiconductor device.

6. A semiconductor device as claimed in claim 4, wherein
said skirt portion of said n— layer is generally horizontal,
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6
said slant portion defines an angle with said skirt portion,
and extends upward to a top surface of said mesa.

7. A semiconductor device as claimed in claim 6, wherein
said angle is about 10-90 degrees. .

8. A semiconductor device as claimed in claim 6, wherein
said insulation layer covers the entire slant portion of the
mesa. |

9. A semiconductor device as claimed in claim 8, wherein
said insulation layer further extends onto a portion of said
top surface of said mesa.

10. A semiconductor device as claimed in claim 9,

- wherein said insulation layer extends about 3 pm or less onto

15

said top surface of said mesa.

11. A semiconductor device as claimed in claim 6,
wherein said insulation layer covers only part of said slant
portion of the mesa.
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